Abstract-Serious games are becoming important educational tools and are increasingly being integrated into courses in many different academic areas and widely portrayed as a means of helping individuals concentrate on the subject matter and enjoy learning. This paper discusses the development and testing of a serious game by using a research model where the mechanics and dynamics of the game impact perceived usefulness, ease of use, and goal clarity, which in turn lead to higher concentration and user enjoyment. This model was tested in an undergraduate product design classroom, and evaluated using a survey and a focus group. The results of qualitative and quantitative analysis show that higher concentration and enjoyment occur when students perceive clear goals, ease of use, and usefulness during gaming. The results of the study leads to recommendations to game developers on the features of serious games that need to be built and the need to carefully consider the mechanics and dynamics of a game. The results should encourage instructors to consider incorporating serious games into their classes to increase their students' learning engagement.
INTRODUCTION
S ERIOUS games built on computer game platforms are primarily designed for educational purposes [1] . The market for serious games is substantial, with recent estimates predicting that revenues will reach approximately US $2.3 billion by 2017, with an annual growth rate of 8.3 percent [2] . Serious games are increasingly being integrated into courses in many different academic areas and are widely portrayed as a means of helping individuals concentrate on the subject matter and enjoy learning [3] , [4] . The commercial success of serious games along with its potential to improve enjoyment of learning has made them a popular subject for academic inquiry [5] . Thus, understanding whether a serious game will be effective in improving the concentration and enjoyment of students is a pertinent, practical research issue [1] .
Concentration on a task is nothing but a persistent shift of attention to this task. Concentration refers to a player's focus of attention on a limited stimulus field [6] , [7] , [8] . The task should be able to mentally load students' cognition and also be intensive [7] . Concentration has been a critical factor in several online consumer behavior studies [9] . It has been found to positively influence many learning outcomes such as knowledge learning [10] and user's intention to use an e-learning system repeatedly [11] . Particularly in a serious game learning environment, concentration enables the students to increase learning effectiveness through the animation and immersive features of a game [12] , [13] and encourage the students to solve a series of increasingly complex learning tasks that pose different levels of challenges. Thus, the improved concentration would be a major outcome in a serious game for the students while they learn specific principles.
On the other hand, enjoyment is defined by Csikszentmihalyi [7] as a sense of achievement that occurs when one's skills are matched with the task's challenges. Agarwal & Karahanna [14] define enjoyment as the pleasurable aspects of the interaction. In an academic context, the aspect of intrinsic motivation related to experiencing joy or pleasure translates as enjoyment of a course [15] , [16] with the students describing classes using words such as "enjoyable," "fun," and "my favorite". Students who enjoy a game may experience psychological pleasure that is derived from their interaction with virtual roles and this pleasure is likely to lead students to acquire the knowledge and skills unconsciously [17] . Thus, student enjoyment acts as the second learning outcome of this study.
In order to design an effective serious game for improving concentration and enjoyment, academics and practitioners have suggested that the game design needs to balance the use of a set of elements and rules (mechanics) that when brought into practice (dynamics) provoke users' perceptions of usefulness, ease of use, and goal clarity [18] , [19] , [20] . However, a question on whether students' improved perceptions lead to increased concentration and enjoyment of learning the subject matter remains vaguely understood. Despite the expenditures in implementing games in teaching and learning, empirical studies are sparse in studying the impact of serious games [12] , [21] . To answer the calls for empirical research to evaluate the extent to which serious games can enhance learning, we formulated the following research question: Does a well-designed game improve users' perceptions of ease of use, usefulness, and clear goals leading to higher perceived concentration and enjoyment?
To address this question, we designed and built a serious game to help students learn difficult engineering concepts that was, in the designer's perception, easy to use, useful, and emphasized clear goals, expecting that the students would become actively engaged in learning the concepts. Concepts such as product design lifecycle, project management processes, and communication may appear deceptively simple, but are actually very difficult to master [22] . Then, we tested this game in an undergraduate classroom and report the results of the experiment.
RESEARCH MODEL AND HYPOTHESES

Game Design and Learning Outcomes
The design of the serious game was driven by past research that states the dynamics of playing the game needs to integrate the mechanics of the game leading to active learning. We introduced the serious game in an undergraduate product design course with the expectation that the users will perceive benefits leading to higher concentration and enjoyment in applying product design concepts to play the game. This expectation is based on the paper by Ibanez et al. [23] who discuss how the mechanics and dynamics of the game could trigger emotions of enjoyment and concentration [18] . Based on research by Fu et al. [12] , Morales et al. [24] and Lang et al. [25] , we believe that by playing the game, students may improve perceptions of goal clarity, usefulness, and ease of use of the product design concepts leading to these positive emotions. Fig. 1 combines these ideas and displays the research model. The left half of Fig. 1 shows the integration of mechanics and dynamics of the game that lead to the design of the game. The right half of Fig. 1 shows how the impact of playing the game was assessed using an evaluation model and hypotheses.
Instructional Design: Mechanics of Game
Serious game mechanics is defined by Arnab et al [26] as the design decision that concretely realizes the transition of a learning practice/goal into a mechanical element of gameplay for the sole purpose of play and fun. The mechanics are composed of elements and rules. Elements include applying theoretical concepts in playing the game, dilemmas, clearly defined goals, scores, ownership, resource management, realism, movement, and cascading information to increase difficulty [23] , [26] . Rules prescribe how to play the game, and achieve results [23] , [26] .
Instructional Design: Dynamics of Play
The dynamics of play are run-time behaviors when people play the game [23] . Players perform tasks that are rewarded by the system; this recognition of players' success generates positive perceptions of usefulness of the theoretical concept, ease of use in learning, and clarity of the goal of the lesson [23] . Conversely, failures generate some level of anxiety that encourages players to continue performing their tasks and expect to drive them to a flow state, which results in the improved perceptions [7] .
Assessment of Playing the Game
By playing the game, students' emotions are expected to change resulting in achieving outcomes: increased concentration and enjoyment of the subject matter. The perceptions of the features of the game such as usefulness, ease of use and goal clarity are expected to be process factors that influence the extent of engagement in the course.
Both perceived usefulness and perceived ease of use are frequently used to measure students' behaviors and their adoption of new technology related to technology-mediated learning [14] . Perceived usefulness is defined as whether a person believes that using a particular system will enhance his or her job performance, while perceived ease of use considers how easily they are able to interact with a particular software artifact [27] , [28] . Perceived usefulness and perceived ease of use are expected to have a positive effect on behavioral intention to use that information technology [29] , [30] . Thus, in this study, we used these constructs.
Serious games simulate actual work environments by incorporating real-life facts or objects in the virtual environment, allowing players to communicate using virtual roles, safely take risks, and navigate their way through a variety of game situations. By using real-life simulations, serious games create a learning environment based on ease of manipulability and potential salience to users that enables them to step into the gaming role and iteratively engage in the learning experience [31] . Those playing the games often display periods of sustained concentration, thus digesting knowledge or concepts efficiently and gaining a positive perception of the game's value [32] . It therefore seems likely that these variables can also be used to evaluate the value of serious games. We assume that when serious game users have positive perceptions of the usefulness and ease of use of the serious game, this is likely to increase their concentration and enjoyment [33] . This leads to the first four hypotheses: 
The Role of Perceived Goal Clarity in Improving Concentration & Enjoyment
A dominant theme in the literature on entertainment games focuses on the impact of goal clarity [34] ; it is generally considered to represent the essence of digital game design because the goal in a game is assumed to be the primary reason why players perform tasks [35] . Players identify the goals of the task through either digital storytelling or messages presented in task bars. This increases players' awareness of the goals, thereby increasing their attention toward learning [36] . Serious games with clear goals allow players to simulate real-world dilemmas and experience the consequences when they make certain decisions, thus improving students' motivation and passion to learn, and helping maintain their concentration on the simulated situation [19] , [37] . To investigate whether goal clarity acts as an enabler of learners' concentration and enjoyment, we developed the following hypotheses:
Hypothesis 5. An increase in goal clarity will increase concentration.
Hypothesis 6. An increase in goal clarity will increase enjoyment.
Based on the left half of the research model ( Fig. 1 ), we designed a serious game to teach the concept of product design. In the next section, we discuss the mechanics and dynamics of the serious game.
DEVELOPMENT OF A SERIOUS GAME
A center in a Southeastern U.S. University with expertise in pedagogy research worked with an educational technology company based in California to design and test a serious game in order to teach product design concepts. The initial version of the game was based on an earlier smart scenario that was used by the company to teach high school students and tested in a pilot study. The project team then devoted considerable effort to improve the mechanics and dynamics of the game. We describe these next.
Overview
Product design is a systemic and intelligent process in which designers generate, evaluate and specify concepts for devices, systems or processes whose form and function achieve customer objectives or user's needs while satisfying a specified set of constraints. Thus, product design skills cannot be adequately taught in lectures alone; a more active learning experience is required [22] . Therefore, we designed a serious game to provide an active learning experience linking the product design process to a real-world simulation.
Description of the Game
The main goal of the game was to provide users with an opportunity to learn about the product design process in an interesting and engaging gaming environment. The game helps students understand the detailed processes involved in designing a structure capable of withstanding specified loads while still remaining within cost and height constraints. The design and development process of the game went through multiple iterations and stages of testing before being implemented in the classroom, with feedback being obtained after each stage to ensure the learning objectives and goals of the game were achieved. Fig. 2 shows a basic block diagram of the game's user flow experience. These blocks are described in more detail below.
Overview In this section of the game, the overall goal is defined, namely to teach users about the product design process. The overview introduces users to basic construction materials such as the beams and joints required to build a structure.
Lab Introduction This section presents each of the core product design process steps and gives users an opportunity to design a structure and make decisions that impact the weight, cost and load capacity of their structure.
Users have a choice to select from a set of structures (square, narrow and A-shapes), materials (wood, concrete and steel), lengths (short, medium and long), and joint types (small, medium and heavy) to build a structure. The game then simulates the estimated load that their structure would withstand.
Building Game This is similar to the lab introduction level but users have to build and test a structure from scratch without using any pre-defined choices of shapes. This is effectively a tutorial in that the users must join the dots and learn how to build their structure and then test it. There are a number of different goals (for example: achieve a minimum height, do not exceed a maximum cost, and bear a minimum load) for the users within this building game level.
Main Game The main game consists of three levels namely test tower, water tower level and the train bridge level. The difficulty increases as the users' progress through the different levels and the game computes a score for each level completed as a measure of the users' effectiveness.
Mechanics of the Game
The game was designed to incorporate the elements and rules of the game that were discussed in Section 2. Based on past literature [26] , this game includes the elements of apply theoretical concepts, clearly define goals, dilemmas, scores, ownership, resource management, realism, movement, and cascading information. Screens were built according to these elements and are summarized in Table 1 . Fig. 3 shows that the game provides clear goals in the lab introduction level and explains the product design process through a tower building simulation. The product design process used in this study is based on Pahl and Beitz's [38] model of the design process which consists of six steps: problem definition, concept formation, concept selection, detailed design, prototyping and testing. These are highlighted on the screen and repeated for emphasis. The users can go back and forth in the product design process by clicking on the tabs at the bottom of the screen. The tower building parameters, which define the goals of the level, are to the right of the screen and the users can see the parameters change in real-time based on their choices.
Based on past literature [26] , this game includes the rules of the game such as how to play, stress test, and achieving levels ( Table 2 ). These rules of the game are explained in a tutorial where the narrator guides the students, discusses the materials used, and shows the user how to design, build and test a structure by clicking and dragging the elements of the structure (See Fig. 4 ). Stress test of the user's design is achieved where a built-in simulator evaluates the user's design and helps in checking if the tower will withstand the minimum load and also provides feedback on which beams and joints are failing (See Fig. 5 ).
Dynamics of Playing the Game
Based on past literature [23] , the dynamics of the game includes narrative, progression, assessment, action points, and emotions (Table 3 ). The serious game has a consistent narration throughout all the levels and also sticks to the concept of building towers through the game while teaching product design process. The progression is achieved as the game was designed in three levels: Test Tower, Water Tower, and Train Bridge. For example, Fig. 6 is a screenshot of the water tower level, where the students have to build a 
Elements of Game
Implementation in the game
Apply theoretical concepts
The steps in product design: problem definition, concept formation, concept selection, detailed design, prototyping, and testing formed the template that appeared in most screens in the game (Fig. 2) . The students must apply their knowledge of the product design process, shapes and structures to solve the problem presented in each level of the game Clearly defined goals in each level At the beginning of each level, a game character narrates the specific goals to be achieved; these are highlighted at the bottom of the screen while the student plays the game.
Dilemmas
If the student does not build the structure correctly, the water tower and bridge collapses quickly making the student want to redo the structure. The different choice of materials, beams and joints also creates a dilemma in the students' mind. They can test out different combinations and see which one works better. Scores
The game provides a score at the end of each stage showing the student's progression and effectiveness.
Ownership
The structure built by each student is different and withstands different loads; when the structure is constructed differently, higher loads are withstood. This provides ownership of the process to the student.
Resource management
The students must choose between different materials, structures and joints and learn through experimentation.
Realism
The students play the role of the project engineer in charge of building the bridge using the product design process. The water tower and bridges are common structures that students see in everyday life. Even though playing the game does not make the student competent to build real structures, it shows that the challenge of building one could be enjoyable.
Movement
The game provides different challenges at each level of the game, with the challenges increasing in difficulty as they progress to higher levels. At the end of each sequence, there is voice-over which informs the player about the completion of the goal. Students are continuously informed about their progress after each level.
Cascading information to increase difficulty
In the overview, introduction and building game stages, the students build test structures and are allowed to take risks and learn from their mistakes. During the main game (train bridge and water tower level), the students realize that the risk of failure rises as the structures become increasingly complicated to build. support structure for a water tank. The design of the structure has to stay within the cost and weight constraints. The challenge for the students in this level is to prevent the water tank from rolling as it has a rounded bottom. Once the water tank structure is able to take the load, the students can progress to the next level, train bridge level (See Fig. 7 ).
Building the train bridge is more complex and tedious than in the water tank level. Therefore, the progression of the challenge increases in complexity as the students master each level of the game.
Testing the Serious Game
The designers built the game so that the mechanics and dynamics worked together to make students engaged on the subject matter. This was then tested with students in an undergraduate classroom to assess whether the students were engaged in the subject matter by playing the game.
RESEARCH METHODOLOGIES
We tested the effectiveness of the serious game usage using a mixed-methods research methodology [39] . In this study, the mixed methods research incorporates both qualitative and quantitative studies, with roughly equal values being placed on the quantitative and qualitative data sources. We used the focus group interviews (a qualitative data collection approach) and a survey (a quantitative data collection approach) to collect data to understand how a serious game can encourage students to learn the product design concepts. With this mixed method, on one hand, our results empirically validate the research model and provide evidence to understand whether the use of a serious game aided students' engagement. On the other hand, qualitative study allows us to triangulate and validate the empirical results and draw conclusions, as well as to acquire additional insights into the causes of the hypothesized associations by coding the students' comments obtained from the focus group interviews. The serious game described above was integrated into the course structure of an introductory product design class to provide a realistic, hands-on experience for undergraduate college students, giving them an opportunity to learn about the product design process. In the first week, users were provided with fundamental knowledge on product design in the instructor's lecture and the course textbook. During the second week, students played the serious game and then received their game scores. The subjects and materials used, measurements developed, and statistical analysis tools are described below.
Study 1: Quantitative Method: Survey
The quantitative study employed a survey to collect primary data from students taking an introductory product design class in a southeastern U.S. university across two semesters with 114 subjects. Of these respondents, The game offers different levels (described in the game user flow experience) Each level is intuitive and has a tutorial or instructions on how to play at that level. For example, the game offers a tutorial in the building intro level which guides the students through the structure construction tools and screen areas to design and build a project from scratch.
Stress test of structure
The game has a built-in simulator based on physics principles that assesses the tower's success or failure based on the amount of vertical load the tower can hold. It also provides feedback on the beam/joint failures (highlighted in red color) when the tower is unable to support the load. The simulator also checks if the student has achieved the constraints (height and weight) in a particular level.
How to achieve results The students become immersed in the game and enjoy it as they progress into the water tower and train bridge levels. At the end of each level, a narrator congratulates the student, applauding their achievement. 78.07 percent were male, and 21.93 percent were female. The average age of the respondents was 20. Scale items were adapted from prior IT usage literature and modified as needed for our research context (see Appendix A, which can be found on the Computer Society Digital Library at http://doi.ieeecomputersociety.org/ 10.1109/TLT.2016.2639019). The five-point Likert scale used in all of the items ranged from 1 ¼ "strongly disagree" to 5 ¼ "strongly agree". Perceived ease of use and usefulness were operationalized according to the recommendations made by Davis et al. [28] . The four questions measuring perceived usefulness were modified from Malhotra and Galletta [40] to fit our research context, while perceived ease of use was measured using a six-item scale from Malhotra and Galletta [40] and goal clarity was treated as an independent variable based on the precepts of flow theory. A fouritem scale taken from Guo and Klein [41] was used to evaluate users' responses to the serious game to test whether it provided users with goal clarity. User enjoyment was measured using a three-item scale taken from Agarwal and Karahanna [14] and the measure for concentration was adapted from a four-item scale developed by Koufaris [9] .
Our data were collected from respondents using the same survey instrument, exposing the observed relationships to the threat of common method bias [42] . To reduce common method bias, Podsakoff and his colleagues [42] suggest utilizing structural procedures during the design of the study and data collection processes. Following these guidelines, we protect respondent-researcher anonymity, provide clear directions, and proximally separate independent and dependent variables [42] . We assessed the potential effect of common method bias statistically by conducting three tests. First, Harman's one-factor test [43] generated five principal constructs, and the unrotated factor solution shows that the first construct explains only 43.1 percent of the variance, indicating that our data do not suffer from high common method bias. Second, we performed a partial correlation technique using a marker variable to partial out the influence of common method bias. Following Lindell and Whitney [44] , we used the second smallest positive correlation among measurement items (0.01) as a proxy for common method bias to adjust the correlations between the principal constructs. The adjusted correlations were only slightly lower than the unadjusted correlations and their significance levels did not change, suggesting that common method bias did not spuriously inflate the construct relationships [44] . Finally, following a procedure suggested by Pavlou, Liang, and Xue [45] , we compared correlations among the constructs. The results revealed no constructs with correlations over 0.7, whereas evidence of common method bias ought to have brought about greatly high correlations (r >:90). Consequently, these tests suggest that common method bias is not a major concern in this study.
TABLE 3 Dynamics of the Game
Dynamics of Game
Implementation in the game Narrative The serious game has a consistent storyline throughout the game about building towers with different combinations of materials, beams and joints using the product design process.
Progression
The students' growth and development as they progress through the game is shown by the complexity of the structures they are able to build in each level. The game provides different challenges at each level of the game, with the challenges increasing in difficulty as they progress to higher levels.
Assessment
The performance of the students' structure is assessed based on the points they achieve. This depends on how well they have achieved the goals of each level (higher load capacity, better use of beams and joints) Action points
The students are limited to the laboratory time to finish the game thereby providing a fast paced work environment and leading to a sense of completion and enjoyment at the end.
Emotions
Since the students play on the computer, they are able to express their emotions (curiosity and competitiveness) and the system does not critique them thereby encouraging their efforts to redo their structures. The game also creates some amount of frustration in the students when they do not achieve their goal in the first attempt. 
Study 2: Qualitative Method: Focus Group
Focus group interview is a quick and convenient way to collect group interaction data from several people simultaneously. Rather than a one to one interview, this method allows the coordinator to ask questions, let participants share their gaming experiences and comment on each other's experiences. Through a group discussion, the participants' knowledge and experience are understood and lets the coordinator explore issues of importance and new directions.
To ensure the objectivity and accountability of research process, an external evaluation team from another university was recruited to conduct the focus group interviews. The nine open-ended questions listed in Appendix B, available online, guided the focus group sessions. The external evaluation team opened each focus group with the general questions to encourage every participant to contribute [46] and to elicit information on the students' overall experience with learning using the serious game, after which they asked questions about the students' perceptions of the serious game. The total number of participants that played the serious game during the two semesters is shown in Table 4 .
RESULTS
Quantitative Analysis and Results
The partial least squares (PLS) technique was chosen to test the research model for two reasons. First, PLS has an advantage over other covariance-based SEM methods when analyzing small sample sizes. Second, previous research has indicated that PLS has more power in maximizing variance explained than covariance-based SEM methods. This study intends to explain variance in students' engagement in learning. We thus believe that PLS is suitable for analyzing the data in this study. Data analysis proceeded in two stages: the measurement model and structural models were performed simultaneously. The measurement model was evaluated by testing each construct's reliability and validity. In the structural model, a bootstrapping procedure was applied to test the statistical significance of the parameter estimates.
Measurement Model
The measurement model was evaluated by examining each construct's reliability, convergent validity, and discriminant validity. Table 5 shows that the Cronbach alphas are greater than the threshold of 0.70, confirming the adequate reliability of the measures [50] . Moreover, we employed two methods to assess discriminant validity: (1) checking whether each item loads more highly on its intended construct than on other constructs, and (2) checking whether each construct's square root of average variance extracted (AVE) is greater than its correlations with other constructs [51] . The results in Table 5 and Appendix C, available online, indicate acceptable discriminant validity.
Structural Model
The results from the PLS analysis are shown in Fig. 8 . Significant paths are shown in solid lines with a star above the path coefficients; the values for R 2 and Stone-Geisser's Q 2 are displayed immediately under the names of the constructs. Our research model explained a large amount of variance in the dependent variables. Goal clarity, perceived ease of use and perceived usefulness jointly explained 37 percent and 60 percent of the variance for concentration and student enjoyment, respectively. In addition to the size of R 2 , the cross-validated redundancy measures, StoneGeisser's Q 2 can effectively be used as a criterion for predictive relevance [52] , [53] , [54] . Based on blindfolding procedure, Q 2 for concentration and student enjoyment are 0.189 and 0.434, respectively, exhibiting sufficient predictive relevance [55] .
The hypotheses were tested by checking the direction and significance of path coefficients (b) between constructs generated by the bootstrapping procedure. Since perceived usefulness was found to be significantly related to concentration (b ¼ 0:33; t-value ¼ 1:98; P < :05), H1 was supported. Perceived usefulness was positively related to students' enjoyment in playing serious game (b ¼ :24; tÀ value ¼ 2:72; P < :05), thus supporting H2. Perceived ease of use was another significantly predictor of students' perceived concentration (b ¼ À:30; t À value ¼ À1:97; P < : 05) and enjoyment (b ¼ :71; t À value ¼ 6:41; P < :0001) in serious games, supporting H3 and H4. In addition, the results indicated that goal clarity had significant effect on concentration (b ¼ :32; t À value ¼ 2:02; P < :05), lending support to H5. Finally, goal clarity was found to be significantly related to student enjoyment (b ¼ :36; t À value ¼ 4:05; P < :0001), H6 was supported.
Qualitative Analysis and Results
The evaluation team produced a 65-page report that summarized the results and quoted individual comments and group conversations from the students. To extract the insights from the comments, we followed Hsieh and Shannon's [56] guidelines to perform the deductive content analysis. In order to identify and categorize all possible occurrences of a phenomenon, we began by reading the report carefully and highlighting all text by a researcher that on first impression appeared to represent the students' learning experience or reactions to the serious game. To increase the trustworthiness of this identification of the relevant text, another researcher repeated the highlighting exercise with a clean copy of the report to ensure that all the statements associated with the research questions were accurately captured. A total of 30 textual responses that were directly related to the research questions were obtained from the qualitative evaluation report. In the next step, we coded all the highlighted statements using a set of predetermined codes using a three-rater panel. During the coding process, we not only categorized the statements into appropriate codes, but also identified the association among the predetermined codes based on our research model [57] . Where conflicts occurred, the three raters collectively reassessed each response and arrived at a consensus. The three raters agreed on 75.6 percent of the classifications. Table 6 summarizes the results of the content analysis, including 7 associations corresponding to our research model and their occurrence frequency and percentage.
DISCUSSIONS
Findings
We derive three key findings. First, we have found evidence that perceived usefulness is one of the key elements enabling users to enjoy and concentrate on the 
Students felt that the digital game gave them control of their learning and provided them with a feedback mechanism to help them improve their design skills. This game was challenging and it was not easy to finish the game tasks; one student spent 3-4 hours at home attempting to beat the game.
(6.67%)
The digital game allowed me to "work with stuff and put things together" without having to "deal with the added stress of doing the math, which hinders it." The digital game was more real-world, engaging, and interactive than textbook reading. One student liked the digital game for job training and said, "It's much better than someone telling you how to do something and a lot more interesting." The planning aspect of this game was appreciated by students, who recognized how important it is to try pilot test an idea prior to implementation, particularly when lives are at stake. "Wisdom comes from experience, and I now have a better foundation of how to build a structure" This game was an effective tool for helping us to learn whether they like engineering and feel they have made the right choice in major.
(56.67%)
Hypothesis 3: PEU(-)!C(-) I did not like the clean slate button. When you accidently click on it, it doesn't check to see if you really meant to hit the button. On most programs, if you hit a delete button, there will be a pop up window that asks you something like "are you sure that you want to delete this file?" There wasn't anything like that with this game. We had to start over from the beginning each time and that was very frustrating.
(10%)
This game presented the learning experience in a simple, straightforward format. Working with stuff and put things together without having to deal with the added stress of doing the math This game allowed me to work at my own pace.
(13.33%) Hypotheses 5: GC(þ)!C(þ)
I am eager to dig deeper into it. I spent 12 hours trying to figure out the design game, and when I solved all the problems, I felt a huge sense of accomplishment. 1 (3.33%)
This game provided good introduction for learning to build structures with consideration for price and weight, making the enjoyable experience simulate a real-world design project. serious game. Our qualitative result also shows that 63.34 percent of the comments were related to this finding, showing that serious game simulated the real-world, was engaging and interactive leading users to perceive it as a useful learning tool in understanding complex concepts of product design. For example, one student liked the game for job training and said, "It's much better than someone telling you how to do something and a lot more interesting." The serious game offered a safe place where students were able to rebuild their structures without fear of failures. This enables them to learn from failures in designing products. Therefore, some students reported spending close to 10 hours working on the game, although the designers had planned the game to be played in an hour. Second, the quantitative result reveals that perceived ease of use has a positive impact on user enjoyment. For example, some students believe the serious game presented the learning experience in a simple, straightforward format. They further stated that the game put things together without having to deal with the added stress of doing the math. Surprisingly, perceived ease of use has a negative impact on concentration. This implies that when users play an easierto-use serious game, they may lack focus when playing [58] . This result does support the earlier study by Lowry et al. [59] , however, who found a negative impact of perceived ease of use on intention to use a serious game. Meanwhile, the qualitative result shows that 10 percent of the comments indicated that the students disliked a few functionalities of the game (clean state button; no memory of earlier structure) leading to lack of concentration when playing [58] , [59] .
Third, quantitative evidence showed that goal clarity is a key element enabling users to concentrate on the serious game. We thus conclude that a serious game with clear goals is most likely to facilitate students' concentration on learning product design concepts. From the qualitative result, we also identified goal clarity was likely to influence user enjoyment and concentration (e.g., "This game provided [a] good introduction for learning to build structures with consideration for price and weight, making the enjoyable experience simulates a real-world design project"). This implies that the game led students to concentrate on the gaming situation and enjoy learning the concept of product design as they perceived clear goals in the serious game.
Overall, these three key findings reaffirm the previous theory by Venkatesh and Morris [29] and Venkatesh [30] in which perceived usefulness, perceived ease of use and goal clarity are expected to alter users' behavioral intention on information technology usage. A number of useful insights regarding the theoretical and managerial implications of this research will be discussed next.
Implications for Theory
This research demonstrates how the mechanics and dynamics of the game play a significant role in improving users' concentration and enjoyment. Over the years, researchers have pointed out the strong links among cognitive absorption, Technology Acceptance Model, and flow theories as applied to various research contexts [9] , [59] , [60] . Our findings show that the mechanics and dynamics of the game need to be designed so that the users perceive improved usefulness, ease of use, and goal clarity. These factors explain significantly more of the variance in enjoyment (R 2 ¼ 60 percent) than in concentration (R 2 ¼ 37 percent). To date there has been only limited research to establish the links between mechanics and dynamics of a game, perceptions, and increased concentration and enjoyment. Subjects such as product design are deemed to be "boring" by many students and learning them needs to be more enjoyable [61] . Researchers have demonstrated that some cognitive and business issues need to be overcome if serious games are to be widely adopted for training and teaching purposes [62] . The findings in this study address some of these issues and could thus encourage academicians and practitioners to use serious games. Our model provides guidance on the features of serious games that need to be built and the need to carefully consider the mechanics and dynamics of a game if players are to achieve significant improvements in concentration and enjoyment.
Implications for Practice
We found the need for instructional designers and game designers to work together during the game design so that the games are perceived to be useful in achieving the learning objectives. As Arnab et al. [26] mention this might be the major difference between serious games and regular games where instructional designers need to be part of the game creation process. In our project, members with strong background in product design from the University worked closely with the game builders from the private company. During the final few months, they talked to each other at least twice a week and shared common folders where they were able to review each other's work constantly. Since the background of instructional designers (theory focused) and game designers (practice focused) were very different [26] , it was critical that these two teams work together to develop the serious game. Such a strong collaboration made the students perceive the final game to be useful. The results thus show the need for close collaboration among designers of the game, instructors, and evaluators when designing the game.
LIMITATIONS AND FUTURE RESEARCH
This research study has many limitations. First, the data used to evaluate the serious game was gathered from students attending a single university over two semesters. The generalizability of the results would be enhanced if the experiments were conducted with a more diverse group of students. Second, we did not consider the difference of students' learning styles since previous studies have shown that different learning styles can have a major impact on student learning outcomes, especially in a gaming learning environment [18] . Third, the measures used in this study are all based on students' perceptions of their learning experience. Actual learning assessment, such as testing the students' understanding of the product design process, would be a good addition to quantify specific learning outcome in future studies. Fourth, a longitudinal study implementing several serious games in a curriculum could provide useful insights about the feasibility of using serious games as a supplement to traditional lecture methodologies. Fifth, this game was not developed to make the students as experts in product design who become competent to build water towers or bridges after playing the game; it was designed only to emphasize the foundational principles of product design. Sixth, user's concentration and enjoyment may vary over the playtime and these were not examined in this study. Seventh, we did not explicitly study how specific mechanics and dynamics of the games influence the perceptions of the students; therefore, the study cannot provide specific guidelines on which specific features of the game led to improved perceptions.
There are several possible directions for further research in this area. First, the research model proposed in this study is derived primarily from education and psychology sources and it has been used to study how the mechanics and dynamics of a game affect concentration and enjoyment. This model could be extended and applied in other types of organizational learning, such as on-the-job training and new training environments.
Second, this study sought to examine previously unmapped relationships based on a combination of several theories. Based on this model, the relationships among these factors pose some interesting questions: How do the individual elements of mechanics or dynamics lead to greater learner concentration and enjoyment? How to evaluate the impact of the specific elements of mechanics or dynamics on improved perceptions? How do these impact other active engagement factors such as time control, loss of self-consciousness, or arousal?
CONCLUSION
This study has demonstrated the benefits to be gained by implementing serious games that incorporate mechanics and dynamics, create an effective learning environment, and enhance students' concentration and enjoyment of the task. This research should encourage instructors in educational institutions and companies considering incorporating serious games for training in their classrooms. Thus, this study shares the experiences in building and testing a serious game and offers lessons for others who develop such games.
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